Recognition of psychosocial factors associated with physical activity (PA) levels will facilitate development of targeted behavioural interventions to promote PA. The aims of this feasibility study were to screen individuals at risk of diabetes mellitus (DM), to quantify their physical activity (PA) levels and to investigate the associations between PA levels, exercise self-efficacy (ESE), psychological flexibility (PF) and health-related quality of life (HRQoL). Twenty-six adults at risk of developing DM were recruited. Participants' demographics, anthropometrics, ESE, PF and HRQoL, step counts using pedometers and self-reported PA levels (New Zealand physical activity questionnaire) over a 7-day period were collected. Participants' mean (SD) age, weight and BMI were 41.4 (13.2) years, 71.4 (17.5) kgs, and 26.39 (8.41) kg/m 2 , respectively. Based on daily step counts, 32% of participants were classified as "low active". Mean (SD) scores of ESE, PF, HRQOL: physical (PCS) and mental component scores (MCS) were 3.4 (0.9) and, 47.8 (6), 51.4 and 49.2, respectively. ESE and MCS scores were positively associated with vigorous PA minutes/week (R 2 = 0.17; p=0.04) and moderate PA minutes/week (R 2 =0.20; p=0.03), respectively. This feasibility study highlights the potential association of positive psychosocial attributes in determining PA levels in a cohort of individuals at risk of developing DM.
INTRODUCTION
The New Zealand Adult Nutrition Survey (2013) reported a 7% prevalence of diabetes mellitus (DM) in the New Zealand population, with a higher prevalence of pre-diabetes (26%) among Mäori and Pacific people (Coppell et al 2013) . Prediabetes refers to a state in which people are at high risk of developing diabetes (Eikenberg and Davy 2013) . The high prevalence of pre-diabetes in those who identify as Mäori and Pacific is concerning, as it represents a lead measure for the incidence of diabetes (Tabak et al 2012) .
Modifiable risk factors for the development of DM include diet and physical activity (PA) (Orozco et al 2008) . Several randomised controlled trials conclude that increasing PA with or without inclusion of a healthier diet results in reduction of DM development rates (Laaksonen et al 2005 , Orchard et al 2005 . Furthermore, public health recommendations on PA thresholds have been proposed to promote health and reduce the risk of developing chronic diseases such as DM (Haskell et al 2007) . Despite these PA health recommendations and with a supporting body of research, many adults choose not to exercise, even when they know PA is key to maintaining and improving their health (Bauman et al 2012) . A range of personal, social and environmental factors have been shown to influence an individual's decision to initiate or maintain levels of PA (Battistelli et al 2012 , Bauman et al 2012 .
Health behaviours can be explained using a psychosocial framework such as 'social cognitive theory' (Bandura 2004) . This theory explains that a health behaviour is based on complex interactions between three key variables: behaviour, the person, and the environment (Bandura 2004) . A key construct based on social cognitive theory is self-efficacy, which refers to "beliefs in one's capabilities to organise and execute the courses of action required to produce given attainments" (Bandura 1997) . Higher levels of self-efficacy have been consistently identified as a positive psychological mechanism behind exercise adherence among clinical and non-clinical populations (Allen 2004 , Izawa et al 2006 . Furthermore, increased self-efficacy has been recognised as a strong mediator of lifestyle change interventions which result in successful outcomes (Papandonatos et al 2012, Rhodes and Pfaeffli 2010) . on one's own life values (Hayes et al 2006) . Several unhealthy behaviours have been associated with poor PF. In regard to PA, PF has been considered an aversive cognitive situation that can be associated with physical inactivity (Kangasniemi et al 2014) . Interventions which target improving one's PF, such as acceptance and commitment therapy, have achieved positive health behaviours including increasing PA among physically inactive adults and reducing weight in obese individuals (Kangasniemi et al 2015 , Lillis et al 2009 .
Diabetes is one of a range of chronic health conditions that have a significant impact on Health Related Quality of Life (HRQoL) (Brown et al 2004) . Cross-sectional and longitudinal studies have identified positive associations between PA domains and HRQoL in various clinical and non-clinical population groups (adolescents, middle aged and older adults) (Bize et al 2007, Klavestrand and Vingård 2009 ). Research has also identified similar associations in individuals with pre-diabetes (Taylor et al 2010) . However, such associations are primarily based on selfreport measures of PA (Taylor et al 2010) . In addition, decreasing HRQoL has been reported in individuals with newly diagnosed and chronic type-2 DM, but not in those with pre-diabetes (Marcuello et al 2012 , Seppälä et al 2013 . Since physical and mental health characteristics vary significantly between those with and without DM and those with pre-diabetes (Tapp et al 2006) , it can be argued that health-related perceptions that influence behaviour are also different. In addition, there are reports suggesting that lower levels of perceived stress, depression and anxiety are associated with higher levels of PA in individuals with impaired glucose tolerance (Delahanty et al 2006) and in those with diabetes (Sacco et al 2007 , Sacco et al 2005 .
The influence of psychological profiles, such as PF, HRQoL and ESE on objective PA levels has not yet been determined in individuals who are at risk of developing DM. Before investigating new variables of interest (such as PF) as a potential predictor of PA levels in a fully-powered sample, it is justified to establish cross-sectional associations in a smaller number of individuals. In addition, the feasibility of using simple screening tools (such as self-report questionnaires) to recruit participants with a risk of developing DM needs to be assessed. Therefore, the aims of this feasibility study were to: (1) identify participants at risk of developing DM, using self-reported risk screening tools; (2) gather feasibility data related to PA levels via selfreported and objective measures; and psychosocial factors including exercise SE, PF, and HRQoL, and (3) determine the cross-sectional associations between PA levels and selective psychosocial factors such as exercise SE, PF, and HRQoL. Establishing such bivariate associations between the selected range of factors and PA levels could provide direction to choose suitable variables for conducting definitive studies on predictive associations, which will further facilitate the development of potential targets for interventions and thus reduce the impact of chronic diseases. 
METHOD

Study design and ethical approval
Participants
A consecutive sampling strategy was used to recruit 26 adults (aged 18-60 years) with a risk of developing type-2 DM who were living in the Dunedin community. Participants were recruited from the University of Otago via email invitation and from the wider Dunedin community through flier advertisements. Interested volunteers contacted the research administrator for confirmative eligibility screening procedures. Each participant's risk of developing DM was identified using an online screening tool (Diabetes New Zealand, Auckland branch) that was administered by telephone by the clinical research administrator. Those who were at or above the "at risk" level of risk of developing DM were included in the study. Participants were excluded if they had the following conditions or situations: a current history of muscle and/or bone disorders, surgery in the last 6 months, heart or lung illnesses that restricted their current PA levels, a recommendation by a health professional not to engage in PA or any formal programme that aimed to increase their PA levels. All participants provided informed written consent to participate in the study.
Outcome measures
Physical activity measures
The New Zealand Physical Activity Questionnaire-Long Form (NZPAQ-LF) is a 7 day recall of total PA administered through an interview method. It is a validated measure of PA within the New Zealand population that includes many New Zealand cultural activities such as kapa haka (Boon et al 2010) . Over a 7 day period, participants' ambulatory levels were quantified using pedometers (Yamax Digi-Walker SW-200, Japan) which possess moderate test-retest reliability and good validity (Kooiman et al 2015) . Participants were instructed to record the number of steps they took each day in a step count log. Participants were instructed to turn the pedometer on in the morning as soon as they got out of bed, and to record the duration of time in which they took off the pedometer throughout the day for any particular reason, and any activity they performed that was not running or walking. The intensity levels of other activities besides running or walking were recorded based on the intensity definitions from the NZPAQ-LF.
Psychosocial measures
Stage of readiness (i.e. current participation or plans to participate in planned PA) was measured using the Exercise Stages of Change questionnaire (Astroth et al 2010 , Dannecker et al 2003 , a questionnaire used previously in a pre-diabetic population (Delahanty et al 2006) . Exercise self-efficacy was assessed using a validated ESE scale (Marcus et al 1992) . Participants rated their confidence on a scale of 1-5 with 1 being not at all confident and 5 being completely confident, with the mean score taken as the final score for self-efficacy. Level of PF was assessed using the Acceptance and Action Questionnaire (AAQ-II), a validated and reliable outcome measure (Bond et al 2011) . The AAQ-II is a 10-item Likert-type questionnaire that assesses one's ability to take a non-judgemental approach to one's own internal events, so that the person can focus on the present moment and act in a way that is congruent with their values and goals, rather than merely reacting to their internal events (e.g., fears, urges, prejudices). Each item was rated from 1 (never true) to 7 (always true), with the total score indicative of overall PF. Participants' HRQoL was quantified using the Short Form (SF)-36v2 (Quality Metric software™), a 36-item tool that measures eight domains (physical function, role limitations owing to physical problems, bodily pain, general health perception, vitality, social functioning, role limitations owing to emotional problems and mental health). Two summary scores are provided: the physical health component summary score (PCS) and the mental health component summary score (MCS), with the overall score ranging from 0-100, with higher scores indicating better HRQoL (Scott et al 1999) .
Procedure Participants' age, sex, ethnicity, occupation and educational status were documented. Height, weight, waist and hip circumference were measured (Seca Alpha Model 770, Chino, CA, USA). Four-site skin fold measurements were taken using callipers (Slim Guide Creative Health Products, Plymouth Michigan) as per the American College of Sports Medicine assessment guidelines (2010). The Audit-C was used as a validated screening tool for alcohol misuse (Bush et al 1998) . In addition to eligibility assessment, participant's risk of developing of DM within 10 years was scored using a validated risk screening tool, the Finnish Diabetes Risk Score (FINDRISC) (Zhang et al 2014) . According to the FINDRISC classification, a score of 12-14 is considered 'moderate risk' (estimated that 1 in 6 people will develop type 2 DM); 15-20 represents 'high risk' (estimated that 1 in 3 will develop disease), and > 20 is deemed to be 'very high risk' (estimated that 1 in 2 will develop disease) (Zhang et al 2014) . In addition, sub-maximal exercise capacity was quantified using the six minute walk test (Crapo et al 2002) .
Data processing
The amount of moderate and vigorous exercise was used to calculate metabolic equivalent (MET)-minutes per week, calculated as the MET intensity multiplied by the minutes for each class (moderate and vigorous) of activity over the seven day period (Maddison et al 2007) . Activity levels were classified as "low", "moderate", or "high" based on the International Physical Activity Questionnaire (IPAQ) scoring protocol (www. ipaq.ki.se). Total minutes of moderate and vigorous activity for each participant were calculated to classify participants as either "active" or "inactive" according to their ability to meet the New Zealand Physical Activity Guidelines (NZPAG) of ≥150 minutes/ week or ≥30 min/day on ≥5 days per week, as previously reported (Boon et al 2010) . Based on their average daily step count, participants were also categorised into activity levels of "sedentary", "low active", "somewhat active", "active", and "highly active" (Tudor-Locke and Bassett 2004).
Statistical analyses
Statistical analyses were performed using SPSS (IBM Corp. Released 2013. IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp). Descriptive statistics were calculated for demographic, anthropometric, PA and psychosocial variables (ESE, PF, HRQOL measures-PCS and MCS), activity levels based on IPAQ, NZPAG, and step count classifications. Alcohol intake scores of ≥4 for men and ≥3 for women were considered indicative of alcohol misuse based on AUDIT-C (Bush et al 1998) .
Bivariate linear regression analyses (p≤0.20) and Pearson's correlation statistics (p≤0.05) were performed to determine associations and correlations between PA levels (step counts, total MET minutes/week, minutes of moderate and vigorous activities), and measures of interest (ESE, PF, PCS and MCS). Due to insufficient sample size, multiple linear regression analysis was not conducted. Assumptions for regression analysis were evaluated (Field 2012) . One participant failed to wear the pedometer during the study period, and this resulted in a total of 25 step count data samples for analysis.
RESULTS
Of the 26 participants identified to be at risk using the online screening tool (Diabetes New Zealand, Auckland branch), 10 (38.5%) individuals had scores ≥ 12 in the FINDRISC screening tool, representing a moderate-very high risk of developing DM. The participants' demographic and anthropometric data are presented in Table 1 . Four female participants and one male participant were classified as 'hazardous drinkers'. Descriptive measures of PA levels, psychosocial factors and other variables are presented in Table 2 . Fifty percent of participants were in the maintenance stage of exercise change. Based on the IPAQ classification, 54% of the participants were included in the "low" activity category, however, for the NZPAG classification, 23% of participants were classified as "non-active". Based on average daily step count, 31% of participants were classified as "low active". (Table 2 ). The mean scores for ESE, PF (AAQ-II), PCS, and MCS were 3.4, 48, 51 and 49, respectively (Table 2) . ESE scores were independently associated only with vigorous minutes (R 2 = 0.17; p=0.04) and MET minutes/week (R 2 = 0.08; p=0.16), but not with moderate minutes and step counts (p>0.20) (Table 3) . MCS demonstrated a significant moderate positive correlation (r=0.41; p=0.04) with total MET minutes/week and explained a 17% of total variance (R 2 = 0.17; p=0.04) of total MET minutes/ week. Also, MCS demonstrated a significant moderate positive correlation (r=0.45; p=0.03) with vigorous minutes/week and explained 20% of total variance (R 2 = 0.20; p=0.03) of vigorous minutes/week. However, PCS scores were not associated with PA measures (MET minutes/week, total moderate and vigorous minutes), whereas PCS scores demonstrated a small magnitude of association with step counts (R 2 = 0.10; p=0.13). None of the PA measures (subjective or objective) were associated with PF (AAQ-II scores). 
DISCUSSION
This feasibility study is one of the first in the New Zealand health literature to provide subjective and objective PA levels and measures of psychological attributes in a small sample of individuals at risk of developing DM, recruited from the community. We have demonstrated that it is feasible to identify and recruit adults (n=26) at risk of DM using a risk screening tool (administered by telephone) and to collect objective physical activity data within a relatively short period of time (5 weeks).
The results of this feasibility study demonstrate that the majority of participants (50-70%) were classified as "low active" based on the IPAQ guidelines, whereas based on the NZPAG, a smaller proportion of participants (~20%) were classified as "non-active". However, based on average daily step count, the majority of participants in both groups (30-40%) were classified as either "low active" or "somewhat active". Psychological flexibility (AAQ-II scores) was not associated with either subjective or objective measures of PA. In contrast, ESE and MCS scores were positively associated with vigorous PA minutes/week and moderate PA minutes/week, respectively.
Variations in PA levels were observed depending on the type of tool/classification scheme used for determining PA levels. The NZPAG are derived from the World Health Organisation (2010) Global Recommendations on PA for health, which includes a minimum PA target for health enhancement and prevention of non-communicable diseases. The step count incorporates all running or walking activity performed by individuals throughout the day with 10,000 steps a day associated with indicators of good health. The step count goal of 10,000 is based upon the theory that those walking 30 minutes a day achieve at least 10,000 steps. Therefore, in the context of these results, it appears our participants may have over-estimated the amount of PA they performed on a daily basis when completing the NZPAQ (Maddison et al 2007) . Furthermore, many of the participants did not meet the required PA levels to reduce their risk of developing DM. However, step counting has its limitations as it only measures PA performed by walking or running and cannot account for other PA that may be measured by the NZPAQ and therefore counted towards meeting the NZPAG. Through this feasibility study, limitations of using the self-report PA tools and pedometers were identified, which in turn indicates the need for using robust PA monitoring tools (e.g. accelerometers) in future research.
In this study, average ESE scores are higher when compared to a similar New Zealand age group cohort (Mansi et al 2015) . It should be noted, however, that the referenced cohort, unlike those in our study, was derived from a rural community as a part of a pedometer-driven walking programme (Mansi et al 2015) . Substantial literature supports that higher self-efficacy beliefs are associated with positive health behaviours including initiation and adherence to exercise (Delahanty et al 2006 , Kosma et al 2004 , McAuley 1993 . Interestingly, this study demonstrates that an individual with higher ESE will engage in higher duration of vigorous physical activity. However, there was no association between moderate amounts of PA and step counts. The results of the current study are in contrast with recent research on individuals with type-2 DM in which a positive association between moderate PA and step counts was identified (Heiss and Petosa 2016) . These conflicting findings suggest that the ESE construct may not be sufficient to explain moderate PA levels in individuals at diabetic risk. Additionally, ESE may not be a mediating factor for interventions which target improving individuals' participation in moderate levels of PA. Future studies can use various components of self-efficacy dimensions (task, scheduling and coping ESE) (Rodgers et al 2008) in order to investigate the association between subjects' self-efficacy and their participation in moderate and/or vigorous PA levels.
In contrast to ESE scores, mental HRQoL is a strong determinant of moderate PA levels, but not of vigorous PA levels, suggesting that those individuals with higher mental health scores will engage in moderate PA, but not necessarily in vigorous PA (Aoyagi et al 2010 , Balboa-Castillo et al 2011 , Mota et al 2005 . The participants' physical and mental health scores (both in total sample and the sub-sample) in this study are within the normal range of New Zealand's population means (Scott et al 1999) . Previous studies have shown that HRQoL is not associated with adults who have achieved or surpassed their minimum standards of daily PA in terms of step counts (Aoyagi et al 2010 , Yasunaga et al 2006 . However, in this same cohort, self-perceived mental health was not associated with walking levels or participation in vigorous PA. Other studies investigating mental health and PA levels of a diabetic population (Eckert 2012) have similar findings. This study identified positive mental health as a key factor that may motivate individuals at risk of developing DM to engage in moderate levels of PA. However, in order to confirm this finding, longitudinal study designs are needed to test this hypothesis on individuals who are pre-diabetic.
A recent meta-analysis (Kan et al 2013) concluded that a small but significant cross-sectional association exists between depression and insulin resistance (pre-diabetic state). However, this study did not attempt to screen for clinical depression and other mental health issues. Considering participants' scores were within the normal scores of mental health (based on HRQoL), and a positive association between mental health scores and PA levels, one can infer that participants may not have been clinically depressed at the time of study participation. However, this claim may not be valid, since this study did not account for potential intake of anti-depressants by the study participants.
Levels of PF in this study are much lower (mean (SD): 48 (6)) than previous studies where average scores ranged from 55-59 in both physically active and inactive adults (Kangasniemi et al 2014 , Mutikainen et al 2015 . Such scores may be associated with the low levels of activity observed among majority of participants. Indeed, a previous study demonstrated that physically active adults demonstrated better mindfulness skills (a component of PF) in comparison to less physically active adults (Kangasniemi et al 2014) . Contrary to some literature (Kangasniemi et al 2014 , Kangasniemi et al 2015 , we observed a non-significant association between PF and PA measures, indicating that individuals with or without greater PF engage in similar levels of PA. In support of our findings, a recent study (Mutikainen et al 2015) also reported no association between PF and PA levels, suggesting that future research should use an exercise-specific AAQ version in place of the generic AAQ-II questionnaire (Forman et al 2009) .
Strengths and future research recommendations
This is the first study which measured both subjective (NZPAQ-LF) and objective (step counts) measures of PA in a New Zealand population who were at risk of developing DM. In this study, we attempted to account for any activity performed without the pedometer being on, or activities such as cycling and swimming which are not measured by the pedometer, by having participants log such extra activities. A total of six participants across the study recorded activity they performed not measured by the pedometer. This may substantiate that few participants actually performed purposeful PA outside of walking and strengthens our results that based on pedometer activity, PA levels are low within this population. This feasibility study has identified personal factors, particularly mental health, to influence PA levels in a small sample of individuals with DM risk. Preliminary evidence for such associations of generic mental health with PA levels indicates the need for identifying the potential influence of other mental health disorders (e.g. depression) on PA levels. In addition, this study indicates the need for identifying factors associated with sedentariness, a key risk factor for all-cause mortality, cardiovascular disease, and type 2 DM (Bjork Petersen et al 2014, Wilmot et al 2012) . Exploring a range of factors (personal, social and environmental, policy) of sedentary behaviour in individuals with disease risk (e.g. pre-diabetes) can be helpful to plan specific interventions targeting to modify such factors influencing their PA profiles and sedentary behaviour.
Study limitations
Limitations of this study include a small sample size, the use of pedometers to measure PA levels, the absence of a control group and not accounting for prescription medications for the treatment of depression. Considering this is a feasibility study, a multiple linear regression analysis was not attempted, thus limiting the generalisability of these findings. Since this study used an unadjusted R-square to explain the potential relationships, caution is warranted in interpreting the magnitude of variance that was explained between the variables of interest. Another key limitation of our study was that the online public health screening tool (Diabetes New Zealand, Auckland branch) used to screen participants has not yet been validated. Despite this limitation, due to its feasibility, ease of use, and specificity to New Zealand's population, it served as an appropriate tool for this study. This online tool allows health professionals to easily assess patients for diabetes risk, which facilitates early risk factor screening, and planning life-style based interventions and appropriate referral for confirmative lab-based investigations. However, further research is needed to develop a validated diabetes risk screening tool for New Zealand's multi-ethnic population.
CONCLUSION
It is feasible to screen adults (n=26) at risk of DM using an online screening tool. Low levels of PA were observed among the majority of participants who have risk factors for the development of type-2 DM. Preliminary findings on associations between positive mental health and exercise self-efficacy and objective levels of PA clearly indicate the need for assessing psychological factors for effective planning of PA interventions to reduce the risk of chronic disease development. No
